We present a Malaria epidemic model to describe the interaction between human and Malaria disease Mosquito population. We applied a control strategy (single intervention) to the model to reduce the number of susceptible human populations. Our interest in this work is to see what happens in a population with carrying capacity(M) by the introduction of the logistic growth model into the human population in the presence of the control strategy.Our strategy for controlling the disease is to continue the vaccination strategy until the number of susceptible human populations falls below a particular threshold quantity.We studied the stability theory, computational simulations for the model equation. Numerical simulations are further carried out to establish and extend our analytical results.
Introduction
Malaria is the world's most prevalent vector borne disease and it still remains among the most devastating diseases occurring in the world. It represents 10% of Africa's overall disease burden (World Malaria Report, 2005) . Children under five years of age are particularly vulnerable to Plasmodium falciparum infection. There were an estimated 881 000 [610 000-1 212 000] malaria deaths in 2006, of which 91% were in Africa and 85% were of children under the age of five (World Malaria Report 2008). The symptoms and epidemiological manifestations from this one single micro-organism are highly variable and geographically determined by a balanced interplay of the parasite with human host and vector. Despite persistent control efforts set up since the end of the fifties, the emergence of resistance of the parasite to drugs and of the mosquito vector to insecticides, combined with the difficulties in implementing and maintaining effective control schemes have led to a resurgence of the disease in many parts of the world [11, 15] .
Malaria is an infectious disease caused by a parasite that is transmitted by the bite of a female Anopheles mosquito.Malaria is one of the world's most prevalent vector-borne disease. Despite decades of global eradication and control efforts, the disease is re-emerging in areas where control efforts were once effective and emerging in areas thought free of the disease [33, 20, 27, 17, 28] .As reported in World Health Organisation(WHO) fact sheet(2009),malaria a life threatening disease caused by parasites that are transmitted to people through the bites of infected mosquitoes, which resulted in the death of a child from malaria every 30secs [19] . An estimated 40percent of the world's population live in malaria endemic areas. The disease kills about 1 to 3million people a year, 75percent of whom are African children. The incidence of malaria has been growing recently due to increasing parasite drug-resistance and mosquito insecticide-resistance [5] . Therefore, we find it useful and important to study and understand the important parameters in the dynamics of transmission of the disease in order to help in the effective control strategies. In humans, malaria is caused due to infection by one of four Plasmodium species [40, 41] . Transmission from mosquito to human occurs during a bite by an infectious mosquito. A mosquito becomes infected when it takes a blood meal from an infected human. Once ingested, the parasite gametocytes taken up in the blood will further differentiate into gametes and then fuse in the mosquitos gut. Gametocytes are responsible for transmission of the parasite from humans by mosquitoes bite. Fertilization of the parasite occurs in the mosquito gut, and after a short period of replication and development, the cycle of transmission may begin anew.
Mathematical models for transmission dynamics of malaria are useful in providing a better knowledge of the disease, to plan for the future and con-sider appropriate control measures. Models have played great roles in the development of the epidemiology of the disease. The study on malaria using mathematical modeling originated from the works of Ross [26] . According to Ross, if the mosquito population can be reduced to below a certain threshold then malaria can be eradicated. MacDonald did some modification to the model and included superinfection [18, 17] . He showed that reducing the number of mosquitoes have little effect on epidemiology of malaria in areas of intense transmission. [9, 17] added two classes of humans in their mathematical model, namely those with low recovery rate (more infections, greater susceptibility) and high recovery rate (less infections, less susceptibility). Compartmental models of malaria and differential equations are constructed to model the disease [30, 8, 5, 10, 15, 25] . [6] did a bifurcation analysis of a malaria model. Malaria transmission model which incorporate immunity in the human population had been studied [31, 8, 10, 15] . Epidemiological models on the spread of anti-malarial resistance were also constructed [14] . [3] formulated a malaria model with the assumption that acquired immunity in malaria is independent of exposure duration. They also examined different control measures and role of transmission rate on the disease prevalence. The works of Ross and Macdonald were further extended by [26] with the popular generalized SEIR malaria model, which includes both the human and mosquito interactions. [14] included a latent class for mosquitoes. They considered different intervention to reduce the spread of resistance and studied the sensitivity of their results to the parameters. [10] studied a malaria transmission model for different levels of acquired immunity and temperature dependent parameters, relating also to global warming and local socioeconomic conditions. [11] investigated the combined use of insecticides sprays and zooprophylaxis as a strategy for malaria control. [31] used an SIS and SI model in the human hosts and mosquito vectors respectively, for the study of malaria epidemic that lasts for a short period in which birth and immunity to disease were ignored. They observed that the system was in equilibrium only at the point of extinction, that was neither stable or unstable. However, some important results were revealed numerically. Also, [31] proposed a model that tracks the dynamics of malaria in the human host and mosquito vector. Their model incorporates some infected humans that recover from infection and immune humans after loss of immunity to the disease to join the susceptible class again. The model was later reformulated in terms of the proportions of the classes of the respective population. They observed that since malaria induced immunity wanes overtime and there are no effective vaccines against it at the moment,the available tools can be used for its control. [9] proposed a deterministic model with two latent periods in the host and vector populations to assess the impact of personal protection, treatment and possible vaccination strategies on the transmission dynamics of malaria. They also considered treatment and spread of drug resistance in an epidemic population [10] . [12] developed and examined a compartmental mathematical model for malaria transmission that includes incubation periods for both infected humans and mosquitoes.
[24] developed a deterministic model with variable human population for the transmission dynamics of malaria disease,which allows transmission by the recovered humans, is first developed and rigorously analyzed.The model reveals the presence of the phenomenon of backward bifurcation, where a stable disease-free equilibrium coexists with one or more stable endemic equilibria when the associated reproduction number is less than unity. Their phenomenon may arise due to the reinfection of host individuals who recovered from the disease.The model in an asymptotical constant population is also investigated.This results in a model with mass action incidence. A complete global analysis of the model with mass action incidence is given, which reveals that the global dynamics of malaria disease with reinfection is completely determined by the associated reproduction number. Moreover, they showed that the phenomenon of backward bifurcation can be removed by replacing the standard incidence function with a mass action incidence. They provide Graphical representations to study the effect of reinfection rate and to qualitatively support the analytical results on the transmission dynamics of malaria. [28] developed a mathematical model for the dynamics of malaria with a varying population for which new individuals are recruited through immigration and births. In the model they assume that non-immune travellers move to endemic regions with sprays, snear themselves with jelly that is repellant to mosquitoes on arrival infants received full treatment doses at intervals even when they are not sick from malaria(commonly referred to as intermittent preventive therapy). They also introduce more features that describe the dynamics of the disease for the control strategies that protect the vulnerable groups. They analyze the model and the equilibrium point to establish their local and global stability. [27] developed a host-vector mathematical model for the spread of malaria that incorporates recruitment of human population through a constant immigration, with a fraction of infective immigrants. They observed that when the fraction of infective immigrants approaches a small value, there is sharp threshold for which the disease can be reduced in the community. [35] proposed a model to compare distinct interventions, such as indoor residual spraying, long lasting insecticide treated bedNets, larvicides and pupacides and their combinations in malaria endemic settings in sub-Sahara Africa. They argued that the selection of combinations of interventions used in different stages in the vector's life cycle, would strongly reduced Anopheles gambiae mosquito densities. [1] compare two mathematical models of transmission for P.vivax and P.falciparum parasites their work suggested that artemisinin-based combination therapy combined with a hypnozoite killing drug, would eliminate both species. Nevertheless, P.vivax 's ability to relapse accelerated the acquisition of presenile clinical immunity. This parasite transmission persisted in areas of low mosquito abundance and was robust to drug administration initiatives due to relapse.Nevertheless, P.vivax was less lethal than P.falciparum. [4] described a deterministic model with variable human population for the transmission dynamics of malaria disease, which allow transmission by the recovered humans, is first developed and rigorously analyzed. They observed that in some regions where malaria is inducing the varying total populations, it is difficult to control malaria is inducing the varying total populations, it is difficult to control malaria due to the occurrence of backward bifurcation phenomenon. [21] proposed and examined a deterministic model for the co-infection of HIV and malaria in a community. [22] investigated a mathematical model that captures the dynamics of cholera transmission to study the impact of public health educational campaign, vaccination and treatment in controlling the disease. [5] investigate an ordinary differential equation mathematical model for spread of malaria in human and mosquito populations.They observed that in the absence of disease-induced death, we prove that the transcritical bifurcation at R 0 = 1 is supercritical(forward) and numerical simulations shows that for larger values of the disease-induced death rate, a subcritical(backward) bifurcation is possible at R 0 = 1.
Our goal in this work is to examine the effect of a control variable(chemoprophylaxis) and logistic growth model due to the transmission of malaria in a fully homogeneous population and to inspect the influence of the embedded parameters in the dynamic of the malaria disease model.In this paper, we present a malaria transmission model formulation in section 2, where the general mathematical framework, notations and model equations including the S h I h R h S h + S v I v model were analyzed. In the third and fourth section the basic reproduction number were derived and the stability criteria for the disease free and endemic equilibrium were discussed respectively, the fifth section is concern with the numerical simulation results and discussions.
Model formulation
We consider a standard S h I h R h S h + S v I v with bilinear incidence and variable total human population. Suppose S h represents the number of susceptible humans, I h represents the number of individual who are infected and infectious, and R h represents the number of individuals who recovered from the malaria disease for a while. The model subdivides the total vector population at time t denoted by N v (t), into susceptible vector (S v (t)), Infected vectors (I v (t)), so that
Similarly, the total human population at time t, denoted by N h (t) is subdivided into Susceptible humans (S h (t)), Exposed humans E h , Infected humans (I h (t)), Recovered humans (R h (t)). Therefore,
. The population of susceptible humans is generated by intrinsic growth rate of humans (at a per capita rate b h N h ) and the recovered human losses their immunity due to wanning effect of the chemo-prophylaxis. It is reduced by infection, following contacts with infected vectors (at a rate
) where α 1 is the product of the transmission probability per bite and the biting rate of mosquitoes and the contact rate of vector per human per unit time, while M is the carrying capacity for human.It is further reduced by the effort of the control(chemo-prophylaxis). Thus,
The population of Infected humans is given by
where γ is the per capita rate of recovery of the hosts. The population of recovered human is generated following a human spontaneous recovery(at a rate γ) and decreased by loss of immunity(at a rate γ). The population of recovered humans is given by
The population of susceptible vector is generated by birth (recruitment) of humans (at a per capita rate b v ,). It is reduced by Infection, following number of bites of a Susceptible vector on Infected human per unit time(
) and also reduced by natural death at (a rate d v ).
Hence, the population of Infected vector is given by
The model equation is given below;
subject to the initial conditions 
Basic Properties of the Malaria Model with Single Intervention

Positivity and Boundedness of the Solution
We realized that for our malaria transmission model with control variable to be epidemiologically meaningful. It is very important to prove that all its state variable are non-negative at time t. That is, the solution of the model system (1) with non-negative initial data will remain non-negative at all time t > 0.
The system of equation S h I h R h + S v I v malaria model will be analyzed in a biologically feasible region. This region should be feasible for both humans and mosquito population. Hence, we have
of the malaria control model (1) are non-negative for all t > 0. Therefore,
v is equal to zero at θ 1 following from the first equation of the model equation (1) that
Therefore,
)P ]dp > 0 and
We can as well show this similarly for I h > 0, R h > 0 and S V > 0 for all t > 0.
For the other part of the proof, it should be noted that 0 ≤ I h (t) ≤ N h (t) and
Adding the first three equations of the model and we have
Adding the last two equation of the model equation (1) we have
Just as we need.
The Invariant Region
We analyzed the model equation (1) in a biological feasible region. We divided the system equation (1) into two parts such that: the human population; N h = S h + I h + R h and the mosquito population N v = S v + I v . We therefore consider the feasible region.
We established the positive invariance of Ω following the steps below: The rate of change of humans and mosquitos population is given in equation (2) above. It follows that
We follow the standard comparison theorem to show that
In particular
whenever N h (0) ≤ 1 and N v (0) ≤ 1 respectively. Therefore, the region Ω is positively invariant wherefore it is sufficient to consider the dynamics of the flow generated by (1) in Ω. In this region, the model can be taken to be epidemiologically and mathematically well posed. Therefore, every solution of the model equation (1) 
The Disease-Free Equilibrium (DFE) and its Stability
In the absence of Infection, the disease-free equilibrium of the mathematical model of the system of equation (1) becomes
The Effective Reproduction Number, R ef f
In this section, we determine the threshold parameter that govern the spread of the disease which is the effective reproduction number. We try to explore the local stability of E 0 first by using the next generation matrix. The next generation method is used to find the effective reproduction number. Mathematically, it is the spectral radius of the next generation matrix. Using the notation F as the non-negative matrix of new Infection terms and the M -matrix, V of the transition associated with our model (1) are given respectively by
It follows that the effective equilibrium Reproduction number of the model (1) with single intervention (vaccination) denoted by R ef f is given by
where ρ denotes the spectral radius or the dominant eigenvalues. Hence, the positive dominant eigenvalues of the matrix F V −1 is given by
. Theorem 3. The Disease-Free Equilibrium (DFE) of the model equilibrium (1) given by R ef f is locally asymptotically stable if R ef f < 1 and unstable if R ef f > 1.
Global Stability of the Disease Free Equilibrium
Theorem 4. If R 0 ≤ 1, then the disease free equilibrium E 0 is globally Asymptotically stable on Ω. Proof. Given that R 0 ≤ 1, then there exist only the disease free equilibrium
We therefore define a Lyapunov function of the form
By calculating directly the derivative of V along the solution of (1)
Hence, by collecting positive terms together and negative terms together from the equation above
= 0] is the singleton E 0 where E 0 is the disease Free equilibrium of the system (1). By Lasalle's invariant principle, it implies that E 0 is globally Asymptotically stable in Ω if
Existence of the Endemic Equilibrium Point (EEP)
In this section we explore the conditions for the existence of equilibrium for the model (1) . Let E 1 = (S * * h , I * * h , R * * h , S * * v , I * * v ) be the arbitrary endemic equilibrium we obtain 
where
The coefficient A is always positive, the coefficient B is positive (or negative) if R ef f is less than (or greater than) unity. Moreover, we can have a unique endemic equilibrium if B ≥ 0. When B < 0, then we can have a unique endemic equilibrium given by I * * h = B/A. Our result is given by the theorem below. The item 3 shows the possibility of backward bifurcation in the model (1) when R ef f < 1.
Numerical results and Discussion
Numerical simulation and graphical illustrations are carried out in order to verify some of the analytical results. Different initial starts have been used to perform the computer simulations for different cases and displayed graphically in the figures below: In this paper we formulate and analyzed a deterministic model for the transmission of malaria disease with logistic growth function in the presence of a control variable(chemoprophylaxis). We analyzed the model for the control variable and the logistic function. We discovered that it has an endemic equilibrium point in which the disease persist in the community. In the figure below we find out that in fig. 1 : the susceptible human population decreases a bit with respect to time, the infected human population also decreases with respect to time and the recovered human population increase slowly due to acquired temporary immunity. The susceptible and infected vector population reduces very fast. In fig.2 : the susceptible human population reduces very fast and later maintain a carrying capacity, while the infected population also reduces fast because the contact rate with susceptible reduces. The recovered human population increases because of the presence of chemoprophylaxis and the number of susceptible been reduced.In fig.3 ;When the control parameter is high then the susceptible human population reduces faster and maintain a carrying capacity but when the control parameter is low the susceptible population goes down slowly.In fig.4 ;when the efficacy of the chemoprophylaxis is high the rate at which the susceptible reduces is faster than when the efficacy of the chemoprophylaxis is low.In fig.5 ;when the efficacy of the chemoprophylaxis is high the rate at which the recovered reduces is faster than when the efficacy of the chemoprophylaxis is low.In the presence of chemoprophylaxis has a way of reducing the number of susceptible human and thereby reducing the number of infected human due to reduction in the contact rate.However, the combination of control strategies will give a better and efficient result in controlling the spread of malaria disease which we will be our next problem to tackle. 
